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HOMOGENIZATION OF STZEL CASTINGB
I~ .
O ’
™ OBJECT
o
T .
<1;\ To summarize and correlate the existing data and information ’
A available in the technical literature and in Watertown Arsenal re-
<:E; ports concerning the effects of homogenizing neat-treatments upon
steel castings which are to be used in the auenched-and-tempered )
condition.
) SUMMARY OF RISULTS '
1. A survey of the technical llterature and Watertown Arsenal

reports indicates:

T 2

A, The effect, 1f any, of preliminary homogenising treat-

ment upon the tensile properties of ouenched-and-tempered cant

gteel is small. The increase in yleld rtrength (for equivalent

reduction of area) which can be produced by homogeniring treat-

ment is definitely less than ten per cent, If there is any in-

fluence upon Charpy tensile "impact" eneryy, it in lesa than )
N AT '
the random scatter of Charmy valuea found in testing steel caat- 42! N ‘&(

ings which have been quenclied and tempered,

B, The available data on the effeot of homogenizing traat-

ament upon maocroatrusture, bafore and after cuenohing and tenper-
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ing, and upon microstructure after auenching and tempering, are
indecisive.

C. No effect of homogenizing treatment upon ballistic prop-
erties of cast armor or upon hardenability of cast steel has been
found. The information available on these points is meager, how-
ever,

D. The data are insufficient to permit inferences to be
drawn concerning the influence of homogenizing treatments upon
lustrous cavities, ballistic properties of armor-piercing projec-
tiles, local hardness, erosion, corrosion, weldability, or x-ray
diffraction pattern of quenched and tempered steel castings.
Calculations based upon known diffusion rates show:

A. Practical homogenizing heat-treatments can have no sig-
nificant effect upon large-scale chemical segregation, such as
that found between the center and the outside of an ingot or of
a centrifugal casting, This is confirmed by revorts of chemical
analyses taken across sections of castings.

B, 1Interdendritic segregation of carbon will be largely
eliminated by either the usuél heating for ouenching or a homo-
genizing treatment.

C. Interdendritic segregation of sulfur will probably not
be affected by homogenizing treatments,

D, 4vailable data on diffusion rates are not sufficient to
determine whether or not interdendritic segregation of manganese,

silicon, phosphorus, and alloying elements will be appreciably
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reduced either dy heating for ouenching or by homogenizing

treatnents.
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INTRODUCTION

There is considerable interest at Watertown Arsenal in the ef-
feet of homogenizing heat-treatments unon the properties of cast
steel which is subsequently quenched and tempered. ILis zrises
primarily from uncertainty as to the need for the preliminury hono-
nenizing treatment which has been customary for cerntrifugally cast
zuns (see Appendix A). The effect of such treatments on the bal-
listic »romerties of cast armor is also currentl; under discussion.

A homogenizing heat-treatment nmay be defined as a preliminary
heat-treatiert whose purpose is to increase the uniformity of the
material. While any tewrersture sbove the critical range may be
used for steel, the term is ordinarily r-stricted to treatments at
1700°F or higher. Irn industrial heat-treating 1850°F is generally
the naximun practical temperature, but at Watertown Arsenal treat-
ments up to 2200°F have been used. (See Apperdix 4.}

This report.endeavors to review work which has been repcrted
in the literature on the effects of homogenizing heat-treatments
upon the physical properties (static tersile and Churpy), macro-
ctructure (as shown by hot uzcid etch), microstructure, sesregation,

"{ustrous cavities,"

ballistic proverties, hurdenability, kardness
in local regicns, resistance to erosion and corresicn, weldability,
wnd x-ray diffraction pattern of carct steel ufter quenchirg and
tempering. Although all of these characteristics nay be of scien-
tific interest, it should be reucadbered that only physical nroper-
ties and resistance to erosion have been correlated with service
reauirements for guns, while only hallistic npromerties, ard in cer-

tain cases weldability, have been correlated with rervice reouire-

ments for arnor.
-
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Ir the followirng sectionsg all temnerxtures giver in degrees
Centtrrade by the authors cited huve been converted to Fahren-
heit, Yo facilitate cormarisons, and rounded off to the nearest
10°.

DaTa AND DISCUSSION

-

Jebtd e
Physicsz) Prorerties

altheush there have been nunmerous renorts and nmublished dis—

cissicns about homogenicing heat-treatiients of cast steel, many
e pmen 1:2,3.4,5

of then present no experinental data concerning the
phrsicsl properties (which may be considered of ~rine izmportance),
while others rcive no exwerimantal data of any sort. In some cases
the vhysical pronerties were deterizined on stcel vhich was not
treated subsecuent to homogenization, so tht thie results ob-
tained are not applicadble to gun or other castings which are

enched o tenmerel.

Stadies of Froduction Custings

The first commrenensive survey of the oh;sicil »ronerties of

11
centrifupgal costires vas wnie by Conrer and Calvert  who reviewed

avrrorinstely 200 nroduction castings of v.rring cormmosition, heat-
n

catrent, size, nmelting and pouring wractice. (Jents' data  were

included in thiis surve:r.) These authors concluded th:f sl ightly

Eel

Tettor static tencile oronerties (after crenching wnd t“"*cring)

result from the use of o 2100°% 28 nours than
are ~btair.d %y homogenizirg ot lower tenverstures or for shorter

. . el
times, ir the cise of nslvbdenwi-vanndiw: (0.18%) stesls of between

0.35% a0 LK% curbns The tiue und teuvsreturs 7 the rnormnl-

irirg trentnent .mpear to be correlnted clonely with tlhe date of

-l




casting and with melting and vouring wractice. In view of the un-
certainty in the conditions surrounding the mrocessing of the cast-
ings, and the consideratle scatter of the physical properties, it

may be questioned whether the differences noted bty Conner and Cal-

They found no apparent difference in Charpy

7,8.9

vert are significunt.

" "
tensile impact values. Carter reported neither any differ-
ence in Charpy tensile values nor in static physicnl vnronerties be-
tween siniler castings homogenized for different times at 2100°F,

Sxrerimentzl Studies on Single Castings

Otler workers, in an effort to redice the mumber of variables,

studied the effect of chunging the homorenization treztment upon

sections cut from a single casting. “lis does not assure uniform

initi-1 unterial, sivce it is well known thit the comnosition of

for centrifugal cast-

regions within an ingot may differ widely and g

. 12 . .
irgs  Gray” hus shown markad longitudinal ae vell as transverse

v.ristions.)
Cre of the first investigators to reyort beneficial effects

fron prelimin.ry high temverature treatments wis Giolitti, who in

N

his book 7 presents only two sets of datw in which the final

auenching and temmering =re comparable, The ewreriments were ner-

Iorzed on sections cut from arn incsot contairinge 0.40% ¢ and 2.02%

>i homogenized nt virious terveratures, slowly cooled to 1h70°?,

auerched in water and drawr at 1070°F for O kors. e results

14
follow: Treiant
Sreatment .8, (1befsq.in) D R. 4, *Lipach
2000°F, 11 Yomrs 4, 000 e 32
1830°F, 9 hours and
1920°F, 9 bours 104,600 Lo 32
NTJCCF, 10 honrs
2120°F, M. honrs ani 95,710 e 32
PCO0F, 10 hours
o ) o o o o o o ® . )

= s— T — v
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.ot
trhe same for

Tre final treatments emuloyed by Giclitti were

the steel was not cooled thrown the critical rarze before reating

for querncuing; therefore, tiie results are not strictly conmraratle.
The final heat-treatnents for o secind series of specimens from a
rlain caaden (L00% C) ingot were, however, identical. One sample
vas horogenized for 14 hours at 2100°F znd the other received noth-

15
in:s; but the final ocuench and draw, with the followinzy results:

T.5.(1bs/sq.in) Y.S.(1bs/sa.in) % Blors. $ R.a.

56
50

ot homocenized 50,000 30,000
Enmogernized 54,000 34,000

AN
AN

Siuce all ctrer results rresented in Ginlittil's booalr were obtaired
from sinsle test bars, 2nd no exrerimental details nre given in
thiis cose, it must bte soeuned that these re sinle test results.
The significince o this duta is therefnre aquestionndle.

Tve effect »f honoseniring tire and termerature four specimerns
taven fronm severil centrifagal castirgs ia nwrecented in Toble I.
Dach creur of results rerresents opecinens talen from nosingle

rogsitly in the

cacting, o sispificint trerd can be noted except

. . N Yoo
effeat of ircreasing the temperature from 1740° to 1830°F, but the

B

nuber o1 tensile bars ured in thils test wag rot stated. This is
the only lurgze effect of honoecenization reveorted in any tenverature

range.

19,63 n

. : SRS : . .
Bender and Welte, rtudyire chreomiwi-uolybdenw:i-vanadiug

i im-

centrifu. 1l cuctings, neted no influence o the static or
vact" uriperties in various romgeenizing tineg wrd teuperatures of
i

secticnes tuzen from sirgle chastings. The fizal treatrnent of the

cecticns frou ench casting wan iderticnl. Tie regults

&)
o
th
o
7
4]
¢

stilies .re vresented in T.ble II.
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Jarl;r Data on Zoneoenization of
E lol-bdenun=-Vinadiws: Centrifusal Cootings

] Lemerature Lime
i 175000 5 hrs. £5,000 27
| 18300 8 nrs, 75,000 Lp
21007 8 hrs. 75,000 L3
+Has}:elll?
210c°s 23 hrs. 82,000 21 35
c20CCT g nrs. 81,000 51 38
2200°7 12 khrs. 50,00C o1 40
223c°r & nhrs. 75,000 & 36
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22n(:°F 15 nrs. 5,000 N DL
pokpeT Lonrs, 2,000 "3 oo
2240°7 5 hrs, TI,000 53 27
a2Lger 12 ars. 75,000 5% D4

22007 ¥ ohrs. 78,000 53 o
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Zxperimental Trentments of Similar Castings

A few studies nave been made using separate but supposedly iden-
ticnl experimental castings which were honogenized and given simi-
lar subsenuent treatments, tiie tensile test bars being taken from

21
corresaondins positions in the castings. Using this method, McCoy

found ar elastic limit of 75.000 1bs./so.in. with L% reduction of
area on a single cast test block of vlain carbon (.30%) steel which
was homogenized for 20 hours at 2100°F, then normalized, annealed,
auenched, and drawn, while 70,000 elastic limit and bo% reduction
of area were obtained on a similar block which was simnly quenched
22

=nd drawn, Reed, 3olotsky, and Zurlich cast nine eight-inch cubes
from eacl: of three .30% carbon heats, two heats being of high chro-
mivm-molyhdenun steel and cme of u nickel-chromium-molybdenum com-
~osition. The cubes vere siven hoiogeniring treutments of 8 to 36
hours «t 1800, 2000, and 2100°F. After cuenching and temmering,
ro difference ir tensile vproperties was found among cubes of the
surie heat,.

Corparisons of centrifugs:l cuntings normalized :t 2200°F for
1% hours with similar castings not normalized have been made by

19 5

a .
Bender znd Birch and are sumarized in Table III. The im-

provesent in tensile and Charny values nroduced by normalizing is

. L. ¢
seer to e small, if it occours at all. ZTeuder ..nd Pampas later
stidied the effect of rormilizir: 2t lower temmer:itures for shorter
times, with einilar resilis.

o o ops . 2
Hurlich, Ziffin, wd Bolotszy 5 teated two cnst plates from

each of three heuts of 0.30% carbon, 0.50% molybdenum steels, with

Tm
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#: T4BLE IV

Study of EHomogenization of Cast Plates of

0.30% C Medium alloy §Ege1523 '

T.S. Y.S. Elong. R.a. Charpy
Heat Temperature Lbs./sa.in. Lbs/eq.in. % _ﬁ ft~1bs,
1 1900°F 110,000 89,000 22 56 --
1 1700°¢F 110,000 88,000 20 52 -
2 1900°F 127, 00 108,000 20 56 29
2 1A50°¢F 122,000 105,000 19 55 30
3 1900°F 112,000 97,000 22 58 34
3 1550°F 117,000 97,000 23 58 3U ;
®
<4
*
-9 ¢ |
|
° ° ) ° ® ° ° ° ) ° ° ° ° ° [ ° [ )




m e

o and without niclkel, chronium, and covner. One nlnte was normalized - ®
for & hours =t 1900°F and the other for W hours ut 1650°F =r 1700°F.
The physical proverties obtained after the final neat treatnent are
shown in Table IV; no differences are evident.
f 2

Wenberyg, working with two cormplex—allny exmerinental castings
of similar cowmposition, reported corsiderably higher oroperties as
h a result of a 1950°F treatnent than were produced by an homogeniza- A
tion at 1700°F for a storter tite. Tre castingcs were nade, Lowever,

-

by differert ranufacturers and were not coonaravle in uny respect

(excent for composition and final fewt trcatnent), Tle results of i

sie) - N . .
izerten who obtained Zutz before and after hoiiogenization can also
be disreg.rded, for the fircl tiermtl tretuents were different in
the tw: cases.
Sunary
a1l tre relevant information, with the sirgle 2xcentinn of Has-
N 16 : L e
kell's Tirst rewsrt, indicates tiat lar_e variatiors in hormogenie-
ing tines and teneratures have little, if any effect uren tensile

rrorerties.

®
Cr. tie bisis of the evidence, the effect ~f the omission of
21l treatrents preliminary te tle finsl heating for cvenching is
smill, certainly less tiian ten percent of the yield strength for
» I3 Ll : .
eaudvilent reduction of crew. It appears that to deternine if the 3
snwll differences wiich hive been revorted actually exist, it will
be recess.ry to npalze tests wporn 2 large nunber of specirens unier ]
, - . ) L 4
very cuirefully contrelled conditions, and tn sudbject the duta so
obtained to thrrough statictical aralycis,
]
Macrostrictare p
. <
Vacrostructure after §uenching and Temrering
kany of the irvestigutors studied speciens tiken fror o single ]
~10w )
o ] [ ] ® e [ ] L ] ® ® ® L L [ L L J [ 1
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casting. This method is probably better than any of the
others used, but when comparing the macrostructure of such
samples, the variation of composition within one casting
reported by Graylzmust be remenbered. Giolittilu and Has-
kell17 reported that sections of castings homogenized at
about 2200°F for 10 and 12 hours appeared less dendritic
than sections treated at slightly lower temmeratures for
the same times or at nearly the same temmerature for a
shorter time. Giolitti commared 2% nickel 0.40% cardon
steel at 2170, 2000, and 1830°F while Haskellls studies
were restricted ts centrifugal castings held at 2200°F for
g8 and 12 hours and 2280°F for 8 hours.

13

Buker  found little difference in 3aumann prints and
in appearance after deep acid etching among sections of a
centrifugal casting held for various times at 2100, 2200,
2240, and 2280°F. The specimens held for the longer times
at each of these temperatures anpear more uniform than the
others »t o nagnification of 8 Glameters.

White?o who used sections cut from three similar cen-
trifu;al castings, reported increasing homogenizing treat~
ments from 2 hours at 15C0°F to 2 hours =t 200C°F or 15
hours .t 1800°F produced pro.ressively more "brealring up"
of the dendritic structure thun urpeared in a sample quenched
and tempered withont prior rormaliring. Svecimens keld
for longer times at 2100, 220G, wand 2300°F chowed still

more "brealzing up" but no trend could be seen amsng thenm.

-11-




Rilverg ' homcgenized a cast vplite 5 hours .t 17EQ°F
and ancother H hours 2t 18<5°F.  EHis photoszraphs show slightly
more Jendritic structurs in tie plate treated at the lover
tenperature tut the etchins conditions vere not stated.
25 .
Reed, who treated cubes cut from two ylates of ernrone-
22

molrbdenum-vanudium steel and Reed, Bolotslzy, and Hurlich,
viio used a separate cast dlocz for ench sanmle, found no

difference in macrostructure ae o result cof various homo-

cenizine treatuments in the ranrze 15600 to 217°0°F.

Zender © and Bender and Fapras -~ cornared sections of
sinilar custings and of the same cugting which zad heen

ot

ogerized for 1o hours at 2200°F with sections which had

o
v
o
=]
<

recvived rno treatient rrior to the quenching urd temuvering,
and reported they were nlike in macrostiructure. Fronm the
-

. . 03 . .
ricturcs presented in one report, © nowever, thero appears
to Te less segregntion in A horosenized section of one
cacting than in w section which was sinply quenched and
teurered.

Tre datn on tlhie ¢ifiet of homogenizing treatrents

unen acrostructure of steel castings subsequernt to th

cuench-and-temer are ceontradictory. n the dasis of the
. 16,17,70,22,208, D"
recent ingestisitions it is mrodartly safe

to ennclude thet inereosse ol terveratnre cor time ihove o
fow Movrs at 20C0°F hus very little effect despite the on-
vagite results obtrived in earlier uar!s bty Hagkell ard
Giclitti. It is, kovever, imwonssihle o decide from the

existin~ data whether hrmorenizira at 2000°F reqlts in 2

{

]
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macrostructure different from that obtuined by & lower or no

romotenizing treatnment.

The rucrostructure of sections taken from the same or sim-
{lar castings is difficult to interpret bHecause of the vorila-
tion of commosition within and between the custings and the
poseidle v“.‘mtibn of custing conditions. Farthermore, slight
viurintisne in time and conditions of etching und, if - vhoto-
sromiois wed, in contrast and exposire time, nul” wroduce wide

FRE .
w1l 02

1y

L}‘e

VB 43

v.riztiecns in wvnearnen, - broad intororats
dut. rvr b, thot, considering the atture of the test, the ef-
feet of Tomngenizing troatmoents on mocrcstructure is indeci-

sive, dub there muy de some ~ro.ry.ssivc "Hreakin we' of the

dendritic structure 'vithh incronein: tine nd tcameratare.

¥ .crrstructure of Cootingn Unt Quenched wd Zemmered

——

Zven tiacugh this remart dezls prip.rily with the results
ohtained from stadics »f costings £911-win: onenching wnd ten-
perins i which the Tinl thern.l treatments - the snoeine

t~ be crrmared ro identic.l, results btirel froo studies Nf

meersatmicturs mredl tely subseonent - Gomngenigtiong e in-

claded £ r 0 st of c.rmletercss.
2 . .
3utler hriv tinized dises, cuw

i, far voricue tires we t- 120 hrars ot Q100°F. Ho orer rted

th t ircrocir-y, the h cmirotin Wirmp-ven the ctruc-
ture, i the zemes losgo mirled, hroenliics un f “oniriten,
and refitiv o carticles o etrento,t o ord fouand the Jirst e

vroci Tl imnrewve want o4 15 Yeurs ol M wverr cro b Loaraves
ent! .t A0 wmurs., He ls Aes taut 3 nt onn arinte shew

girilr trends tut tho ~rot- orophs B dmeludes 40 ot osubstan-

L.




ti.te this statenent. ash used » series =f exmerinent:l
chrrniun-rickel-r:nlybienw: steel centrifugil c-stings eon-
tzining 0.15%, 0.30%, =nd 0.45% ¢ rb-n, respectively. ash
r.croetched the discs irviediately fallewing treitnents of
v.ri~us tirnes up tr 110 h~urs .t 1830, 2100, 280,2280°F
cnd ifter = subsequent n-rrilizins and annealin:;. He con~
clude? th.t consilerable h~irerizatinn was necessary to
"rernve szera-deniritess” however, the extrene scitter ~f
Yis resalts -rd his filure to irclule vhatesraphs in his
rennrt prohibit any re-evaluiti-n ~r re-intermret tion ~f

: . 17 20
his d:ta.  Boslkell,” Whaite, an Reed, Brlntsk:”, anl Rur-~

22
lich ot dined results, " osnceinens wileh were merely ho-

w

re tenized, wvhich Auplicite their finlin-

Sfter auenching
a2nd temmerin~ (see nie 11.)  The swr: ry ~f the effect of
horegenizaticn on rierastracture ociven on pn, 12f£, therefore.
suffices f-r rwcr-~structure i~mefi tely £9511owin ' the hrno-
~enizin; tre-tiient.

ILicr astructure

26
Snoe of the investi.';.t"rrs3 «f the effect -f hirn-en-

izin~ kewt tre.tiient up' n the nier-structure ~f cast steel
have use” grecinens whick reccive” firnal lewt-treatnients

sn different tiint the structures c-nr-t be c-nsifersd cen-

2, 4, 13, 20, 22
p .roble. Others h~ve stulied nicrostruc-~

fter Zoosovniz tion only; here, len, tlere is some A~ubt

)

as t7 vhetler the structures roflect differences in h-in-ene-

it;-, because v rianti-ns in wsteritic -rain size =wnd in

chalin s rate sy hMave resalted fron the several novc ceniz-

29
in tereratures. Curter 9. 23 30 ~nd Agh 4 investited

Lwde'a

the effect «f k-m~~enizution ~n the ricrrstructure ~f

stecel subseguently n-riv.lized aniuxnne.led.
<1k~




This review of the effect »f haonogenization on the nicro-
structure of cast steel mmugt be linmited to that obtaired
after guenching and temyering, since the present report
deals with materinl used in this candition,

T L . , :

Giolitti  presents photomicrographs of specinens
honosenized at 1830, 2000, and 2170°F und then quenched
and tempered. The sanples, which were etched in hot, di-
lute sulfaric acid, relief-polished, and re-etched with u
snlution of nitric acid in anyl alcohol, appear sinilar,

1 - ~
Carter found that treatnments for § to 16 hours at 13530
and 1020°F did not affect coulaxed denirites, as shown by

L

nital and by copper chloride etch, but aid produce slicht
in columnar dendrites s compared with sec-
tions freom the sane casting treated at lower tamperatures
far shorter times., Exanining sinilar productinn castings,
7,8,31,32

Carter noted less severe cdendritic sesregation,
with nitzal etch, in a casting homogenized 28 hours at
2100°F than in nne honnzenigzed 22 hours,

' . 17 .

It was further reported by haskell thot the dendri-
tic sesresation broucht out by nital etchiing decreased as
the temperature increased. Haskell etched discs, honogen-
ized at different temperntures, in copver chloride etch-
inmg reacent, and the "dendritic secrecation" anreared to
be ncst in the syecimen treated at the hizhest tenrerature,
Tris vhenoneron L calls “reversion to tre caost state,"

L et

: hel J'L. s -
Using commer clnride snlution, 3Baler confirned the re-

sults nf Carter in that increasinz tire apveared tn Jdecrezse

“15m
° ° ° ° ° ° ° ° ° °

e

e




the segregation and found no reversion, nor could he specify
any corsistent variation in amount of segregation with homo-
genizing temwerature. VUsing rital etch he not oxnly could
discovir no trernd but noted little difference betweern smeci-
mene variously treated.
28

Contrary to the previous investigutors Reed, in study~-
irs honogenization of cubes cut from a single ingst, renorted
th.t the deeree of diffusion apresrred to increase sonewhat
with increasing temperature when the specimens wzre given a
sirzle wir quench and tenper. Samples which were given a
donuble ~ir avench, hwowever, r=flected no'diffrrence correlu-
ted with the temmerature of trentment. Furthermore, Eeed,
whe ermloryed both nital and compor chloride etching solutions,
fourd no effect of time at temmerature in any carce. 3Bender
obtnired conflicting results in commuring castings nornalized

19

and not norrmalized; in one case the treatnent r2d ro influ-
ence nn microstructure, and in :.mother63 greater diffasion
was reported in the nornmulized cnstings., Lowever, several of
the micro-nlictograunhs wiich were nresented rmuy be interpreted

s7 28 to contradict this lutter conclusisn, Other investiga-

Y

tors  nnte ro effect of honmozenization temmeruture on speci-
20 o
rens etched in nital while still anotlhier ~ rencrts € trend
towird decreasing serremition as the tiue and temmernture of
treatment are increased, usin: ¥rth ritul omd—feppiesmnide
s 27 . .o
rewente, and the resulite of o third survey wre irdecisive,

- 23
Eurlick, Riffin, .nd 32lntsky 7 conpured coistings,

fron each o2 three heatsn, raranlized far voricus tines ond




erineratures;  they etched the svecimens in copper chloriile,
nital, ferrieyznide, ~2id nitul vlus pieral. The results so
contradict each other that it may be concluded that no def-
inite differences resulted from the various treatmentg. Con-
firmin; this variation in ampearance with different etching
rexcents, Reed and Hurlich33 attemnted to clussify three
rolled nlates of sinilar composition on the basis of "eeg-
re~wtion" as revealed by rive etching reasents, and rated
tren in four different orders. Since there is dount as to
the sirnificance of the structires brouzgit out by the var-
ious etching reagents and discordance of the results, the
correlation, 1f any, of tre microsconic duta with homogeniz-
ation treatment is virtuilly imnossible.

Segregation

Two tymes of chenmical segregition my be ol iuportance

The first is interdendritic segrega-
tion, viiich results in clhieisical inhomogeneities over dis-~

tances o1 a fraction of =n inch. The other muyr be ealled

o

Mar e-scale sesregntion," and refers to differences in
cormosition between volumes ecveral inches apart, such as
the tov wnd the hottom of zn inzot, or the center nnd the
rataside of 4 centrifugal casting., 3oth varieties of sepn-
reg.tior uwrise Because the last metnl to selidify (inter-
dendritic materinl, toyn of iusot, center of centrifumnl
cartin:) is richer in curbon and other elonerts tisn thot
wrich u0lidifies earlier {(Jendrites, betten of in.

~t, oul-

>

side of centrifuml caectinz), nnd there nas beon i-terist

-17-
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in elimination of both by heomogenizing heat-treatments.
Eowvever, since tae scale of the two is different, it may
be expected that they will be differently affected by such
trestnents.

The effect of nomogenizing heat-treatment unon seg-
regation in steel castings mayr be cuilculated from nmeas-
ured diffusion rates, provided certain simnrlifying zssumv-
tions are nade. Consider 2 enase in which the concentra-
tion gradient occurs in one direction only, and initially

2
(~t time t = 0) decreases exvonentially with x7, where
¢ = concentration increment {actual concentrution ninus
a constant "background councentrition®) and x = distance
alors the gradient fron tie »olnt of maximum concentra-
tion. It will also be nssmed that ¢ 5 0 25 x s
for all values of t. These should be reusonzble first
wrnrexninations far interdendritic secregation, where there
is . narrow interdendritic region of high eoncentration
ard a wider volume within the dendrites of lower and rela-
tively constant concentration. Ther should »lso it luirge-
sctle serregntion of the time found in centrifugnl cast-

ings, where the concentration of several elciuen nereases
’)

('.) "\J
J'I
}—J

relatively rapidly near the inner Jrfac
In this case orly half the distridution will be

used since x =0 at the irner surface, dbut this will not

affect the result.

Lo
from Ficiz's Lw oy be derived the gererul diffusion

POy

e

) equation,
w
2

d_C___ D i-c (1)
dt - b
dx 1
-18~ !
» ® ® ] L J ® L J ® L L L ® .




Assuninc thut D is independent of ¢, eauation (1) may

-t
be s2lved using the houndary conditions mertioned in the

preceding paragraph, giving:

2
X

)-#Dt + X2

c = oe . (2)

e

Here ¢, will equal the initial concentration increment

o

at the maximun and xg will be the value of x at vhich

c’_—_—E?., (3)

thus being 2 measure of the width of the sesregate zone,
Prom equation (1), it will be found that the time for th
corcentration increment ¢ at x = 0 to fall to Zalf its

nitinl value will be

e

2
tl = __J.(Q_. » (u)

Hy

This rmayr Ye called the "half-homogenization tire."
Reliahle dutn for the rate of diffusion of carbon in
ansterite ns o fanction of temmerature have been nublighad
- 1 oW :
recently by Faschlie and Eanttnondg, dy Wells and Mehl,

43

by Eam, Puorle, and Herzigs,; their resualts are in substan-
tinl soreement.  The values obtairned Ly Wells and lichl

show that for a Jirst asproxincetion D nay be considered
incernendent of c¢; tiey al«o ghow thiat the effects of grain

size, of the nganl inpurities, »f ~xgrsen content, »f non-

garese up to 2%%, and of niclel up to 2% zre nesligidle.

~19-
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Ham, Parke, and Herzig demonstrated that the effect of molybdenum
is slizht. Xo data apveur to be available as to the effecte of
chroniun or of vanadium, but they are probably small. It, there-

7

- 2
fore, apvnears jugtifiable to use D = 1&.5 x 10 cm /sec. at

2200°F, as siven by Wells and Mehl's results for.0.30% carbon and
-T2 fenom . .
D=1.2 x10 eon [sec. at 1350°F, obtained by a siicht extrapo-
lation from their figures.
Substituting these values in equation (%), 2nd choeoaing var-

ious values for x there is obtained for the half-homogenizm-

O’

tion tine tl of curbon in .sustenite:

XO(Cm) 10—14» 10"2 10“1 100 ]_O1
t] at 1650°F 6§ x 1077 sec. 10 mir. 18 ar. 67 days 19 yr.
ty at 2200°F 5 x 1072 sec. 50 sec. 17 nr. 6 dars 2 yr.

Trus, noting that 2xy may be considered the "width" of the high
carbor zone .nd that 1080°F is the cuenching temperzture and 2200°F
the homo enizins temmer.ture wkich have been used for low carbon
steel centrifugul castings (see apperndix &), it is evident that
curbon inromogencities of the size of pearlite lamellue (xo:lc’u en)
will diswnreur in a fraction of o second ot the ocuenching temper-
“ture. On the other hund, c.rbon differences between the inner

-nd outer curfuces of i centrifaugul casting (XO = 107 cpm) will

rersist for e.rs even =t the homogeniring tem.rature of 2200°F,
oo s . - 20,°7.63
For interdendritic cepregites, which huve a width of the

order of 1/8" to 1" at -~ marnific-tion of 10C dismeters (X0=10_2cmL
the ernrbon cortert will be eouilized within .n Lour -t the ouench-
irng tenmeratuse.

The orly owrndlable dhvta n the diffusion r-te of nnn-

sanese iz cuastenite wopesr to b the roush detersinition of

A




Paschie ~nd Houttmann (loc. cit.), who found it to He zbout
1/100 the (extrapolated rate dr carbon at 2540°F. There is,
however, rc way of extranclating their mangunese rate to
lower termeratures without further data. The best that can
be dore is to assume that it remains of the order of 1/100
the carbon rute. This would mesn that the half-homogeniza-
tior time for interdendritic segregation of monginese

-2
(%, = 30 en) -t 1650°F would be perhaps 10 to 20 hours
and at 2200°F would he one or two hours. On this basis,
the ugsual hold ot the quenching temmerature wruld reduce
the margunese sopresntion somewhat nnd o homogeniziaz treat-

ment ~T 15 hours at 2200°F would produce substantially com-

vlete removal of irterderndritic mrngzmese segregrition.

3rarler, Eayweod, Cooper, and Wattsuu {whose work has,
nowever been criticizcd by Wells azd Mehlh% have determined
diffusion rates for phosvhorrus and sulfur in austenite,
Thoy renorted the vhosphnrus rate to be of the order of 1/100
and the sulfur rate 1/100C tke corron, which ieans thut phos-
pharus segregation will »e decreased 2t about the rate de-
scrived cbove for mansansese, while irterdendritic svsregza-
tion of sulfur will not Ye apmrecindbly uffected by hemogen-
izing treatments. (Of crurse the seludility of ¢ ilfur in

R

nastonite is very ecmall 7))

Tore apnears to be no information avail-ble or the dif-
fasinn rates of alleoying elements or silicrn in ~uetenite;
their ~rder »f maeritude will ~rodbadbly not differ greatly from

tiet for nunginese.

~21-
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Thus ** is clear that the large-scale segregation from
center to cutside of a centrifugal casting will not be reduced
Ei by romogenization. This is confirmed by segregation analysis

' 2 17 12 who

' studies by Butler,” by Haskell, by Sloan,5 and by Gray,

! found the only effect of homogenizing treatments to be decar-

burization at the inside and outside surfaces. Interdendri-
tic secregation of sulfur will not be affected by homogeniz-
ing. It appears possible that homogenizing treatments will

remove interdendritic segregation of manganese, phosvhorus,

silicon, and alloying elements, while the usual quenching tem-
peratures and times will not. However, the data on these ele-
ments are so scanty that it is also wpossible that any or all
will either be eliminated ;" quenchinz treatment or not be
appreciszdbly affected by homogenizing treatnent.

Lustrous Cavities

|

YLustrous cavities" are a phenomenon which has been fre-

{ guently reported in centrifugal steel cnstings. They have

} ol o

12,46 16
beer. found on macro-etched surfaces, | under the microscope’

L 17 18,20,47,48

{ and on fracture surfaces. In tensile test bars

they arpear to be associated with lowered values for elonga-
. . 20

tion znd reduction of area. The frequency of occurrence

. . . . 6,51
nas been found to rise with the carbon content of the steel.

Donald is apparently the only investigator to study the

effect of homogenizing upon the occurrence of lustrous cavi-
ties. He reviewed approximately 50 production centrifugal
castings, some of which were normalized 74 hours a2t 2100°F 1

43,50

and others U Lours ot 1740°F, and =t first stated that

-22-
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m

ne nigher normalizing treatrent nroduced fewer lustrous coav-
ities. Loter, rowvever, hé concluded that the decreuse in
freguency w.o clused Ty o chonge in wourins nractice (use of

a smller srout), waich wns mnde at the cane time as the in-

crerse in rormalizing temverature, and rot by the l.tter. This

is iz woenrd with the explanation of the formation of Zuctrouc
L3 Lg

cavities @iven by Reed  and by Portevin, ~ (i.e., the cavi-

¢ be eliminsted by nromer foundry nmractice.

Ballistic Preperties

ATTOT

It anpenrs t0 e widely reld thot o nuuogenizing treat-

nent is necegsary to obtiin satisfactoryr trllistic mreperties

fts

n cest ~rucr plate, .t least vhen highly illcred steel is

used., 4 literwtuare senrch as, hnwe y Tniled t¢ revenl ex—

b1
o
3

“erimental work an this watter with twe excentiong:
e ae 2 . 04y
Litterg studied frur cuast pluates, tuo 1.07" thick and
twe L83 thick, frem a.heat of 0.140% cirban, 1.15% chromisum,

« - g . - . s
0.75% mslyhdennn, O.ll§ vanadiun steel. Cre of ench tliickness

i, rifieant difference in resisturce 1o renetration was fourd

s
[N

icated iy the ©1lavirns walues ohiained for the tollis-

tic limit:

dermolisin T listie
Tearverature  arrdress rimit(Tt/sec.)

" 1625 % Lo 2790
.07 17500 LIRS 2750
3 1025¢ h20 1400
3 1750° 420 2100
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The 1.07" vlate homogenized at 1750°F failed in ballistic
shock test, but Kilberg =atiributes this to its excessive
hardness and not to the homogenizing treatment.

s e ., 23

Hurlich, Riffin, and Zolotsiy took two nlates from
each of three heats of low carbon low alloy steel, one heing
of the manganese-molybdenum tyve, one molybdenum-nickel-chronm-
iun, and one molybderum-nickel-chromium-coprer. One rlate
from each lLeat was honogenized for & hours at 1900°F and the
otrer 4 hours at 1650° or 1700°F. The two were then given
the same Tinal hent treatment and subjected to ballistic pcne-
tration, shock, and projectile-throush-plate tests; they be-

haved similarly in 2ll cases. The renetration values were!

Homogenizing Srinell Bullistic

Heat Ternperature ickness H:.riness Limit_(?t?sec)
A 190C°F 2.05" 229 1740
A 1700° 2.00 223 1730
B 1900° 2.14 277 2020
B 15850° 2.11 259 131G
C 1900° 2.22 2141 19L0
C 1550° 2.23 24R 1390

. Frojectiles

Tiaere seem to e no datu available concernin: the ef--

[

fect of homogenizing heat-treutinent unon the taullistic prop-

erties ~f cust steel armor-viercing nrojectiles

Hiordenabilitr

Studies of the effect of homogenizine nest-treatments

uvon the hnrdenability of cust steel have been rennrtod by
. ] - oy
Wedhers and b Hurlich, Riffin, ond Jolotsky. WedbLers' worl,

however, cannot be considered sirmificunt tocouse of his ex-

perinental errors, rentiored on rage 1f. The dat: of Eurlich,
2
Riffin, and Zolotszy show no unnreci:»le 3ifference in Joniny

A




- T T T wew

Lhardenability curves between cust plates homogenized 8 hours
&t 1900° and 4 hours at 1650°F or at 1700°F. They comvared
two plates from each of three heats of 0.30% C medium alloy
steel.,

Local Zardness

Butler2 mzde o Viclzers hardness survey of cast steel
befnre and after homogenization in an attempt to find out
whetner such treatment improved the wrifornity of the nate=
rial. Ee revported that it did, but %is data Lardly substan-
tiste this conclusion, aind since the final conditions were
not comparable, it does not aprear that his results reed “e

20
considered, Waite used the Lnoop Lariness tester to sur-
veyr reterial homogenized, auenched, snd temrered and material
quenched and tempered witliout hronmrgenization. He found sonme-
viint less srread of hardzess in the sample witich was not he-
mogenized., Eowever, since he used separate castirgs for the
two corditions, this muy not be sigrificant.

- .
Sreelon

&

. 11
There has been sone theorizing as to the effect of
honmscgenlzation unon the erosicn char«cteristics ~f cast suns.

52
Lis seens to have arisern hecause of o remark of Ritchie

m
wrhe rnuted an investigatisn which had shown th-t increusing
tre ~mount of kot work given to forgedl guns ecreascd their
ernsion. He stated thit this might b2 wttriduted tH the

breldiing un of segrecations and cenmmented that it weuld be

irteresting to chaerve the resistance to erosiosr osffered dy




w

centrifugally cast gurs. nowever, it arpears tiat ro exveri-
nmental workc fas been done an the effect of homozanization unon
erosicn resist.nce.
Corrosion

4 literature search has failed to ¢iscluse any investi-

Extions of the influence of homogenizing trewtrments upon the

corrosisn of quenched-and-temmered c.st steel.

Weldnbility

0

Sarlich, Riffin, and Bolotsky23 nade two-bvesd weldubil-
ity tests on castirzs fran three leats cof O.}O% carton hent-
treated clloyr steel, commaring sarples honogonized 8 “surs at
1900°7 with others homogenized 4 hours =t 1650° ~r 1700°F,

The seatter of the values ther oltaired is,

Y

hewever, so great

that it is not wissihle {7 draw ony conclusinng fron then.

L-E.; Diffrection Data

-

=2 rencrts dealins with the effect ~f Tomogenizing treat-

merts upon the x-ray diffraction pzttern ~f cuencied-and-ten-

perel steel castinss hiave been frund.
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APPEIDI X A

‘T AID COIPOSITION OF CEI'TRIFUGAL
11GS AT WATZRIQW!T ARSEIAL

HISTORY COF THI HEA

\

I——I t‘J

Tae first few centrifugal castings made at Watertown
Arsenal, 1n 1025, were of a plain carbon steel, Alloy
additions of manganese, molybdenum, chromium, and of nickel
were soon tried, however, The heat treatment generally
consisted of & normalize at 1580° - 1740° F, an anneal at
apout 1550° F followed by rough-machining, a water guencn

from 1580° - 1850° F, and a temrer at 1070° - 1250° F. The

w

tine at each: terrerature weo 2 1o 8 lLours; the crstings
2

"y

reauged from 75 mm un to 1585 mm .ixvitrir.,  Trensverse physical
proverties obtainred were avvroximetely 85000 1lbs/sq. 1in,
yield surength (C,01% set) ~ad 45% reduction of area.

The earliest attenpt at o homogerizing treastment wrs
mede on casting Mo, 3&, wkhich veg normalized for 4 hours
sl the nigher temperciure of 1820° F in an uasuccessful
attemnt to "oresk un" tie dendritic structure shown by

. S
necro—-cueaing,

Tre compogltion Tirst stondrrdized seems to Linve been
0.30 - 7,403%C, 0.50-0,80% iin, 0.20-0.40% 51, 0,25-0,35% lio,
hert—trested with the 17409 F nermelize, ennesl, guencn,
end temper mentioned @bove, ~no ured rrimerily for 37 mm
11, 23

end 75 =am infeontry mortsre,

54 L, ., .
Presumrbly s & result of Lester': finding tuant

0, lOp vonsdium refined the zrrin of tre gstecl ae c-st, tals
-20-
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element vrs adced in 1950, Twe, Tor crstings Yos, 1BC-300

(o vericty of suns including meny 78 mm acvi<tzers and 3" A, A4,

liners), mrde in 19230-32, the composition C 2,40%, Mn 0,70%,
4,.',:

Si 0.25%, Ilo 0.30%, ¥ 0,10

wes generslly uscd, with o nest-

troatment conslisting of 1740° F normrlize, 1580° F annenl,

JgNe) . . cav oo
g0 F wzisr quenci, &and 1290° F temper with Turnace cool,

H
13]]

Thls gove & yield strengtn of 85-75000 nsl with 45-55¢
e At A - 3
reduction of ares.

In 1932 . period of experimentation in acot-trentment

. i 4 13
beuwrn, Arporently -5 o rosult of Giolittils recommendntions —°

(mrde in 1921), high-temmerature long-time homogenizing
s - i 2 3 11+ 4 -~ LY A E]
crentmients were tried,” Ttogether it £ variety of comnlex

nrocedurss nosgsibly sulwested by the mivrceiice for zun fergings

in the »receding wr, For cxmumnle, the following treatment
wrg consldered Tor 3" A,A, lilers

21009
17+0°
1530°
1200~

Rough-1
1580°
12700
1e10°
1270

V]

S0 OO

hourg alr-conl
nours nir-cool
aours alr-cool
aours furarce-ccol
achine

2 houirs weter-cool

£ hours fuarnrcc-cool

9 hours woter-cool

8% hours furi~ce-cool

oied - e les |

.

vy

453 s et Bes |

lere the 2100° F homogenization wrs sun~osed to rencove dendritic
gesresstion, abeonece of which woe surted to e desireable in

reduce erogion ~nd onurin ortisun payelenl pronertices,

@]
'_.)
-
~
o]
ct
(]
-

- 399 e . O T R S ) A0 3 C
140 eubcooeucat norme liziag trontments ot 17407 »nad 1580F F

rere intonded to reriue tae groin, (It veo thouzht tant sevoerel

2

cycles or eslow heniing ong reoid coolings through the ceritical

h o

=29~




ronge were required for orain refinement.) The 1200° F
temper wns presumedly given in orfer to incrense machine-
~bility 2nd to remove stresses which mignt cause distortion
during mechining. (This temper and the preceding 1580°
normalize were often replaced by an annenl.) The double
quench-rnd-temper whs suggested becouse 1t hrd been found
Lo givé higher strengtn then the first quench-and-temper
rlone (which, it should be noted, involved o~ lower aquench-
ing temperature and longer temper than did the second quench-~
and-temper), In addition, there ves to be the originel
coocling in rshes of the casting wien first removed from the
molda, and finel "cold-working" ( utefrettege) of the hent-
trented gun, follcowed by & "sork" at 570° F %o streoighten tae
siress-strain curve produced by "coldé-orking', The ash-
conling hirs been standeord siince ciilll molds were rdopted ofter
1ie first fer cosiings “?r 7 and the "gosk" hes ~lways been
used on "cola-worked" suns. 5

n tihils neriod Carter found thet two production
crutings hounogenized 28 nours at ?1000 F disnleryed less
dencritic structure under tiae microsconz, sfter normrlizing
and onueecling, than did one held 22 hours at the scme temmer-

7, 8

ature, (Other reporte by Corter show less dendritic

structure with 28 hours tiaca 282, but since these pepers derlt
witr otiier subjects no note wrs token of tials fact,)

. 18 o . . b e

Hnskell concluded from his exmerimentnl work tiot o

. . e m O N < s
homozenlziny trectnent of 8 nours nt 18307 F produced nigher




tensile properties then 5 hours at 1740° F. (This is the

only paper in which a definite effect upon physical

propertiss after quenching and tempering hes been found; °®
see page 10.) Fronm other date which were much less decislve

Hackell concluded that vanadium additions strengthened the

2

castings, Butler inferred on the basis of a macro and ’ °

nlcrostructure study of an as-homogenized casting that

"238 hours is apparently the minimum time at (2100° M,

11

be cmployed", while Conaer and @alvert reviewed °

nroduction guns (sce comments on page’ 3 ) and reconmended
the use of 0,10% V and the following heoat-trestment for all
~stingg: °

2100° 25 hours alr-cool
1740° 9 hours sir-ccol

1580° 9 heurgs furnace-cool
1810°-1630° F ot ep—ouerch

1260° F furnace-¢ o0l °

g trj by
©O

T is daivicrad 2iigatly from the treatment wihlch had
become standard in 1933 in that the latter employed an
sir cool from the 1560° treatnent, followed by & 5 hour °
termper at 1200° F. After the publicaticn of Conner and
Calvert'!s peper in 1934, however, their recommendations

were adopted, with the horogenlzing time increased to 28 o

. . . G

nours and the tempering tempereturs to 12707 F. Thils

nrocecdure wes used until 198X8 for &' ALA, liners and tubes

and 75 rm pack howltzers which were required to have e

€3,000 1loe/eq.in, yivld sirength ond 30% reduction of aren,
12, 23, 586

17

minirum, before coldé-woriingz, ’

~31-




i

| X}

For several mon:ihs in 1034-3%, nowever, proauction
wog confired te 1.1" machine guns, for which 95,000 1bs/sq.in.
-

yield strensth nnd 30% recduction of ~ren were gnecified. To

nroviae Lne i1icrecseda sgsuoreacth in thicee suns e nolybcenun-

?
venscium compocition wes modified termorarily by raisins tne
nentenese 1o 0,95 - 1,08%, while the temmering temnerature
wag lowered to 1200° F, Aovprrently on ~ccount of the smell
Juns, tae homogeniziay time wr g reducad

to & aoure (nt first =t 1920°, later ot 2100°, finally ot

22007 F) ond the cormalizing and onnierling times decransed
22007 F) and th ormalizing T anneeling times decrenged

I 19254 Dondld 77 enrried S vnerimental work on ond
reecommended tlie soovntion of o ctiol containinz 2,25% lin
cn@ 0,0% o, vltlh corlon bolow 0,307 to reduce lustrous
eoviticg (soe proe 22 ). Tils wos not dome, but the oarbon
of thu ctoneerd Jie=V composition wog lowered te 0,286 - 0,309
Tor 75 mm ond " wepno g ond the nmongonese roilsed, for e

short wuile, to 0,30 - 1,107,

17 13

e
Hogkel

ana Snker revorted in 1737 that there is

livile divference in microstructure, mecrcestructure, or

nrysicnl wrevertles, ofter guenciing oo tempering, Dolweon
: ‘ s - - ] 0 " X X
cratings acnorenizoed 18 hours o P°NTT F o~nd tloze mede vitn

Lo oloer oractics ol 28 hewge =0 2100Y R, Tne 20000 F

lour iregtment wrs, therelore, -~dovted 1an cerder to reduce
e

tie furarce tine rogulired, In 17208 Re- o ond Certer

exrerinerted botn wit: scetione frem o contrifugal costing




oud with o nmuaper ol nroductlon enziinsg in on effort Lo
Fitd out vaether tie 1740° F oacraclize snd the 1536° F

: cunes]l conlc be cmitted, Thoy rewortsd tlet these treot- » )
menve hro no effect unon naysicel oromerticr, microstructure

recomnended theo

174C7 F wormelize be omitted; tnls wre done shortly there- )

S e b - . = - Ay D [ . - e \ “ T
after, Reed ond Crrver founl thot the rororl counld not be

o+

&

O
3
H-

P
(@]

v..onl mocaining

micing trectnent tended to

) - - & v om e o S N LS R B T AN IR B
breeln % g1l osurtoee defceung, T oaur écted nechiniag
T I e e m: Ao S Tad v wer o twai sl and PANA
‘ Sluey [FFeR) qlv Co—="1 G—-C1 . UL R Sl ~ond IToUNi [}

Lo uonoLen-

a s .. - Ce T . P A e g . 2 oam - S [N R &
lzrtion, quencn, rsma Loaner, Thls Lve rorcin:d consgtnnt °

)

F 13 pours cir-cool
F =7 lwours wet.ory-cusnch

F L7 hnurs iturnrec-cool ®

YN

Toao troctnent for 1.1, 37w, o <0 smoune (for il

25,000 1o eq.in, adinlavs Jicld otronscn wes encellicd)
r ke . s . : : , \
] Cilif v fron Whilo onds 1w w0 oot Lo roiure ol o )

~ O . . - el . 1
1125=18007 F oy whe Yroecrs oon 18T P 0 o oo L

-
. . Yo
muzrle, O




ans an cme e

®

e .o

In 1937-¢ ouotiiiy ctudy by Reezd
T4 S - E1 ¢y v
enrlier finding of Conncr that lowe
0.30% to
luctrous crvities (sce mnage 22 )., 0.1
tacrefore,
c.oromium in order v pnlenc: the logse

woula otherwlse occur,

comrosition vsed was:

woe nlsed in 1989

rield stiw il

o} ' el ol -
uns o8 Lo N,20-0,25% ror tine

]
Lo

confirmed the

carbon from

rinx the

bulow 0,20% conciderably rcduccd the numoer of

5-0,20% carbon wag,

*Zition of 0,90-1.10%

~agtn which

'..4\"'.5'773 .1

reguired to asve 25,000 lbs/sg.in, ninimum yield strengtll

To conaorve
clonmed in Cotcbor 1942 to

c Mo ' Si Cr

- - ot - e o o .
(9] M o : v . [s) T ry .
C24-.205 0 L2070 (DE= R3S JB0DH- 705 L

For the srmaller suns (37 mn ~nd 40 nn)

rimeé at, ond in tao lrrger suns (102

Fun) 0,70% chromiun wes

reiced 1o 0.30-0.35% o1 n groun of &7

mimimum yicla
c2

strenzth of

cd.

e

C.oTCTILL 8T VaNS LU

b

e v
e et
5-_— .0b% L O35

chromium wog
howitzer and 90 wnm
we g

corten contenu

maoung for wnhlen &

120,000 louc/cqiin, wes ~rescrib-

v
0

weanons

the comnosition wes

A

%
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